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Abstract 
The paper discusses energy renovation scenarios from major renovation to nZEB level for apartment buildings in Estonia (cold 
climate). The study analyses energy usage and economic viability taking into account a possible increase in the lease income after 
renovation under apartment building renovation scenarios. Our results show that deep renovation of old apartment buildings enables 
the energy performance requirements of nearly zero energy apartment buildings to be achieved. With nZEB renovation, reductions 
are ca 70% in delivered energy (heating energy + electricity) need and ca 60% in primary energy need. Payback period of nZEB 
renovation without increased lease income is around 30 years. In the best scenario case, the payback period of nZEB renovation is 
around eight years when the increase of the annual lease income is taken into account. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction
In the European building energy consumption has increased at a rate of 1.5% per annum [1]. At the same time,
European countries have been found to possess very different potentials for energy savings, depending on the size and 
condition of the housing stock. By the year 2020, a total of 88 TWh of heating energy could be saved annually in 
single family houses and 58 TWh in apartment buildings, totaling at 146 TWh of heating energy annually [2]. Despite 
the large energy savings potential, earlier studies suggest that the European Union 2020 energy savings target will be 
missed by a wide margin [3]. Although the monitoring results of new green residential buildings have been satisfactory 
[4], retrofitting of the existing housing stock is crucial as the environmental impact from new buildings is negligible 
compared to the impact from existing buildings [5]. The reason for low renovation volumes appears to be not in the 
condition of existing building structures. Results of research covering the current technical condition of Estonian old 
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concrete element housing stock refer to satisfactory condition in terms of load-bearing but point out insufficient energy 
performance, indoor climate and hygrothermal performance of the building envelope [6]. One possible reason for low 
renovation volume is the relatively long payback period (around 20 years) of the energy renovation process in
apartment buildings [7]. A study conducted in Portugal concluded that in the early design stage and to foster the 
sustainability of the entire process, it is essential to consider the cost of different options in the decision making process 
[8].
This case study analyses the economic viability of nZEB renovation of a large panel apartment building taking into 
account the effect of possible lease increase of the apartments after the renovation. 
2. Methods
2.1. Case study building 
The case study building (3519 m2) shown in Figure 1 is similar to mass production apartment buildings from 1970-
1990 in the former Soviet Union countries in the Eastern Europe. The five-storey building was composed from 
prefabricated concrete large panel elements (Series 111-121) in 1986.
Fig. 1. Photo of the case study building (left) and the optimized simulation model from half the building (right). 
The building has a natural passive stack ventilation system and one-pipe radiator heating systems. Radiators are 
not equipped with thermostats. Room temperature for the whole building is regulated in heat substations depending 
on outdoor temperatures. The thermal transmittances of the building envelope are: external walls: Uwall |1.1 W/(m2∙K); 
roof-ceilings: Uroof | 1.0 W/(m2∙K); windows: Uwindow | 1.6 W/ (m2∙K). 
2.2. Calculations 
Energy performance of the reference buildings was simulated using the energy and indoor climate simulation 
program IDA Indoor Climate and Energy 4.6 (IDA-ICE) [9] with Estonian Test Reference Year for outdoor climate 
(annual heating degree days at ti 17ºC: 4160 ºCd) [10].
Primary energy use for different renovation scenarios was calculated according to an Estonian unified calculation 
methodology and with a standard usage [11][12] (factor for district heating is 0.9 and for electricity 2.0).
Ventilation airflow for renovation packages representing indoor climate category II is 0.42 l/(s∙m2) [13] (normal 
level of expectation for indoor climate). The use of domestic hot water (DHW) heating need is 30 kWh/(m2∙a). 
Net present value (NPV) calculations were used to evaluate financial feasibility of different cases. The following 
parameters were used based on the current retrofit practice in Estonia: NPV calculation period - 20 years; real interest 
rate - 4%; heating energy price - 0.075 €/kWh; price of electricity - 0.14 €/kWh; escalation of energy prices - 3%; the 
present value factor - fpv(n) = 18.05. 
The following formula was used to calculate the NPV [14]: 
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where: Cg is global incremental energy performance related costs, €/m2; Ci is initial investment costs, €; Ca is annual 
energy costs during the starting year, €; fpv(n) is the present value factor for a calculation period; la is an annual increase 
in the lease income, €; Afloor is the net heated floor area, m2. 
The present value factor fpv(n) was calculated as follows: 
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where: RR is the real interest rate, %; e is the escalation of energy prices, %; n is the length of the calculation period. 
The payback period was calculated using the return on investment (Eq. 4): 
E
T
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where:  is the payback period in years; is the return on investment, %.
Return on investment was calculated for each year of the loan considering the escalation of the energy prices: 
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where:  is the delivered energy decrease for year i , MWh/a;  is the delivered energy cost for year i , €/MWh; la
is an annual increase in the lease income, €. Payback period was calculated using the median return on investment.
Construction costs (Table 2) were taken from the estimations of the construction companies. Increase of the lease 
income was estimated to be 45 € per apartment m2 per year. No incentives are included in the economic calculations. 
Table 1. Construction costs of renovation measures 
Building envelope Cost, € Service systems Cost, €
Additional insulation for external walls +200 mm 119 000 Renovation of 1-pipe system 40 000
Additional insulation for roof +400 mm 40 000 New 2-pipe system 112 000
Additional insulation for basement ceiling +100 mm 18 000 Exhaust ventilation without heat recovery 40 000
Replacement of windows U-0.8 W/(m2∙K) 107 000 Apartment based ventilation units with heat recovery  240 000
Solar collectors 89 000
Modernization of apartments 800 000 PV-panels 52 000
2.3. Energy efficiency measures 
The procedure of selecting energy efficiency measures and renovation scenarios was as follows. First, the current 
state of the building (insufficiently ventilated and without room based temperature control) was aligned with the indoor 
climate requirements. For that, the heating system was balanced and equipped with thermostatic valves and a
mechanical exhaust ventilation system without heat recovery was installed. This state was a base case for comparing 
energy efficiency measures. Energy efficiency measures were combined to establish different energy efficiency levels. 
For energy certification class D (energy efficiency requirement for major renovation), the building envelope was 
insulated, windows were replaced and a new 2-pipe heating system was installed. For energy certification class C 
(energy efficiency requirement for a new building), apartment based ventilation units (heat recovery efficiency of 70
%, specific fan power of 1.5) were installed in addition to the previous renovation package. For energy certification 
class B (energy efficiency requirement for a low-energy building), solar collectors were installed in addition to the 
previous renovation package. For energy certification class A (energy efficiency requirement for nZEB), PV-panels 
were installed in addition to the previous renovation package. 
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The area of solar collectors was calculated by a simplified method described in [15]. The calculated solar collector 
area was 180 m2. In order to achieve nZEB energy efficiency requirements, the remaining roof area was used to install 
PV-panels. The maximum PV-panel installation area was estimated at 150 m2. 
The building studied is used as a dormitory. I In addition to the energy renovation, its apartments need 
modernization. In order to analyze the economic viability from an apartment owner´s perspective when no apartment 
modernization is needed, correspondingly, the calculations excluded the investment need of apartment modernization. 
3. Results
Energy usage and investment costs of different renovation scenarios are shown in Table 2. Delivered energy need 
is reduced by 70% and primary energy need by 60% at nZEB renovation. Therefore, annual reduction of energy costs 
is also 70%, which enables an increase in the annual income from the lease. 
Table 2. Energy usage and investment costs of renovation scenarios 
nZEB Low 
energy 
building
New 
building
Major 
renovation
Current state 
with indoor
climate
Current state
Thermal transmittance, W/(m2∙K)
Exterior wall 0.15 0.15 0.15 0.15 1.1 1.1
Roof 0.08 0.08 0.08 0.08 1.0 1.0
Window 0.8 0.8 0.8 0.8 1.6 1.6
Air leakage rate, q50 4.0 4.0 4.0 4.0 4.4 4.4
Delivered energy (energy use of technical systems with systems losses), kWh/(m2·a)
Space heating 15 15 15 82 149 131
Ventilation 7.6 7.6 7.6 in space heating in space heating in space heating
Domestic hot water 30 30 30 30 30 30
Appliances, lighting 29.5 29.5 29.5 29.5 29.5 29.5
Fans, pumps 6.2 6.2 6.2 5.4 5.4 0.5
Total 62 67 88 147 214 191
Produced energy on site, kWh/(m2·a)
Solar collectors (heat) 21 21 - - - -
PV panels (electricity) 5.5 - - - - -
Primary energy use, kWh/(m2·a)
Energy performance value 97 108 127 170 230 205
Investment costs of renovation works, €/m2
With modernization of apartments 413 400 376 324 - -
Without modernization of apartments 203 190 166 114 21 -
NPV calculation results of renovation packages are shown in Fig. 2. The first renovation package that fulfills the 
indoor climate requirements was set as a base case for renovation packages, as an investment required to ensure a
healthy living environment. Increase in the ventilation airflows raises the primary energy usage. Therefore, the NPV 
of the base case is higher than that of the current state. All the other renovation scenarios decreased the NPV due to 
lower energy consumption and increased the annual lease income. Results on the graph show a relatively straight line 
from the major renovation level to the nZEB level. Renovation to the nZEB level has the same global incremental 
cost as renovation to a new building or a low-energy building level although investment costs for the nZEB renovation 
have 25 % higher construction cost than the investment cost of major renovation. Higher energy efficiency 
compensates the higher initial investment costs. Without higher income from the lease, all renovation scenarios 
increased the NPV. Therefore, increased income from the lease is the main factor that makes the nZEB renovation 
profitable. 
Excluding the investment costs for apartment modernization reduces the NPV even with no changes in the annual 
lease income. NPV calculation results are relatively close to zero, which means that at higher renovation costs, the 
nZEB renovation may increase the NPV when the annual lease income is excluded. Because increase of lease without 
the modernization of apartments may not be possible, this scenario has not been taken into account in the final 
conclusions. 
 Kalle Kuusk and Targo Kalamees /  Energy Procedia  78 ( 2015 )  985 – 990 989
Fig. 2. Change of the NPV for renovation with investment costs of apartment modernization (left) and without investment costs of apartment 
modernization (right).
Calculation results for the payback period show (Fig. 3) the same principle. When the indoor climate requirements 
are fulfilled, the annual energy consumption is increased. It is shown on the graph as an increase of the primary energy 
usage. All the other renovation packages have similar payback periods of around 8 years with the investment costs for 
apartment modernization taken into account and payback periods of around 4 years without the investment costs for 
apartment modernization. Payback periods of different renovation scenarios show larger differences when an annual 
lease income is not considered. This means that changes in the annual lease income have higher impact on the NPV 
calculation than an annual reduction of energy costs. 
Fig. 3. Payback period of renovation with the investment costs of apartment modernization (left) and without investment costs of apartment 
modernization (right). 
4. Discussion
This study shows that renovation of apartment buildings to the nZEB level is economically profitable but some
limitations still exist. The building studied is perfectly aligned towards north-south with a longer façade, which allows 
installing a large area of on-site renewable energy production equipment. If the building were facing east-west with a
longer façade, then the on-site renewable energy production possibilities would be lower and energy efficiency 
requirements of nZEB renovation would be achieved with a thicker insulation level of the external wall or with 
windows with lower thermal transmittance. Those renovation measures have higher investment costs and the NPV of 
the renovation scenario would be higher. 
In this study, an annual increase of the lease income was found the same for all renovation packages from the major 
renovation l to the nZEB level. Annual energy costs in the nZEB level are almost 60 % lower than those in the major 
renovation level. Therefore, an annual increase of the lease income can be higher in the nZEB level building. Higher 
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lease income would make the nZEB renovation more profitable than the major renovation or renovation in the new 
building in terms of the energy efficiency level. 
Increased annual lease income is the major factor in the economic viability of nZEB renovation. Results show a
slight reduction of the NPV of nZEB renovation without higher lease income after the renovation. When the building 
needs higher investment costs to achieve the nZEB energy efficiency level, the NPV may increase after the renovation 
when the annual lease income is excluded. For a private owner of the apartment, the nZEB renovation of the building 
is profitable without apartment modernization need, which increases the annual lease. More detailed information about 
the lease rate changes according to the energy efficiency level of the apartment building is needed for further analysis. 
When the increase in the annual lease income is the same for all renovation scenarios, it is impossible to distinguish 
which renovation scenario is most profitable for the building owner; however, we can conclude that nZEB renovation 
is profitable with the increase of the annual lease income considered. 
5. Conclusions
Main findings of this study show that nZEB renovation is profitable when the increase of the annual lease income
is taken into account. The annual delivered energy need as well as the annual energy costs can be reduced by 70% 
compared to the base case. Energy cost reduction alone is not enough to make nZEB renovation profitable for a
building owner. Payback period of nZEB renovation without the lease income is around 30 years. With the best 
scenario case, the nZEB renovation payback period is around 8 years with the increase of the annual lease income 
taken into account. 
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